We consider 2d gas of spinless fermions with the Coulomb interaction on a lattice at T = 0 and at different values of the hopping amplitude J. At small J electrons form a periodic structure. At filling factor ν = 1/6 this structure melts at J as low as 0.02-0.03 in units of the nearest-neighbor Coulomb energy.
The great majority of the efforts made recently to study correlated particles on a lattice were restricted to the Hubbard model or t − J model (See review [1] ). We concentrate here on a direct interaction between particles which introduces some important new physical features. We consider spinless fermions at T = 0 on a 2-dimensional square lattice with the 
Here n r = a † r a r , the summation is performed over the lattice sites r, r ′ and over the vectors of translations to the nearest-neighbor sites, s. The lattice constant and the Coulomb energy between nearest neighbors are chosen to be the length and energy units. We use periodic conditions at the boundaries of rectangle L x × L y . The dimensionless vector potential φ = (φ x , φ y ) in the Hamiltonian is equivalent to the twist of the boundary conditions by the flux Φ i = L i φ i , i = x, y. The total spectrum is periodic in Φ x and Φ y with the period 2π.
In a commensurate phase, at small enough values of J, fermions form a Wigner crystal (WC) with the long range order. At T = 0 and some critical value J c the crystal melts. Not much is known about the quantum melting on a lattice. The only exactly solvable model [2] is a 1-d model with the nearest-neighbor interaction and with the filling factor ν = 1/2.
In 2-d case a computer modeling made by Pikus and Efros [3] at ν = 1/3 and 1/6 in a square 6×6 shows that J c is as low as 0.03-0.02. They argue that the lifting of degeneracy of the ground state is the best diagnostic of the transition. At J = 0 this is an exact degeneracy corresponding to the different translational positions of a crystal on a background lattice.
In a finite array it is lifted at any small J but the splitting is proportional to exp(−N| ln J|),
where N is the total number of the particles. Above J c one should expect a macroscopic splitting.
Since the Hamiltonian (1) is translationally invariant, the states of the system can be classified in terms of the total quasimomentum P. The degeneracy of the ground state at J < J c means that the energy of the macroscopic system is independent of P.
We show here that the structural transition is accompanied not only by the P-splitting of the ground state. It includes also a delocalization, defined as an appearance of the persistent current, i. e. dependence of the energy on the flux Φ. We have found that at small J the system is dielectric and at J ≈ J c it comes to a new state, which can be either metallic or superconducting.
The WC in a continuous media without any disorder has the same flux response as free electrons [4] . The dielectric behavior of the lattice WC at small J can be understood in terms of the umklapp processes. Yet another explanation is also possible which resembles the ideas of Ref. [5] . Consider Hamiltonian Eq. (1) for two particles only. If the distance between the particles is such that their interaction energy is larger than the width of the band, which is 8J, the particles form a bound state. They cannot be separated because of the energy conservation law. The center-of-mass motion for these two particles is allowed, but corresponding band has a width proportional to J 2 at small J. In the same way n interacting particles will also form a bound state with the bandwidth of the center-of-mass motion proportional to J n . We may then conclude that a system of interacting particles blocks itself if an interaction energy at average distance is much larger than the width of the band. Note that this second interpretation is applicable not only to commensurate phases [6] . The transition we are considering is of a correlation nature. But it differs from the Mott-Hubbard transition because it occurs due to the interaction of remote electrons and because spin does not play any important role here.
As a basis for computations we use many-electron wave functions at J = 0. Their total For each icon α there are m α different icons that can be obtained from it by various translations. These icons are combined to get the wave function with total quasimomentum P:
The summation is performed over m α translations T r . Important point is that the icons with periodic structures generate smaller number of different functions Ψ αP . The number of allowed P generated by each icon is equal to m α . In particular, for each icon of a WC with one electron per primitive cell, one has m 0 = 1/ν.
The allowed values of P generated by a WC icon are determined from the conditions
Here l j are the primitive vectors of the WC, and Q j are the numbers of fermionic transmutations necessary for translations on these vectors. These conditions can be easily understood. If translation on a vector l j is applied to Eq. (2), the right-hand side acquires a factor (−1) Q j , while for a function with given P this factor must be equal to exp(iPl j ). If Q j are even for both l j , the allowed P form the reciprocal lattice of the WC. However, in the case when one or both of Q j are odd, the lattice is shifted by π in the corresponding directions. In such case P = 0 is forbidden. The set of m α nontrivial values of P is restricted to the first Brillouin zone of the background lattice. One WC is represented by a number of icons obtained from each other by the point-group transformations of the background lattice. The total number of allowed values of P for the WC is the property of the WC and does not depend on the size and the shape of the system. Contrary, an icon representing a point defect in a WC generates all vectors P; their total number is M.
The following results can be obtained directly from the perturbation theory with respect to J: 1. The ground state and the lowest excited states have a common large down shift which is proportional to J 2 and to the total number of particles N. In the second scenario the ground state eigenvector originated from the WC icon has an avoided crossing with defect states of the same P. The ground state obtains a large admixture of the defect states, looses the structural long range order and becomes delocalized in terms of the persistent current. However, the gap between the ground state and an excited state remains finite. This would be the second-order transition and the resulting state might be superconducting.
We have performed numerical diagonalization of the Hamiltonian for the system 6 × 6 with 6 and 7 electrons, and for the system 6 × 12 with 12. The exact-diagonalization results for the system with 6 electrons are shown in Figs. 2 and 3 . For 12 electrons the complete basis consists of 1.5 × 10 13 functions and the exact diagonalization is impossible.
We performed diagonalization with a truncated basis as proposed in Ref. [3] . Two sets of 2.9 × 10 7 and of 5. For 7 electrons we are able to check how the computations with truncated bases converge to an exact result [6] . We obtained the following empiric rule: if one takes 2 truncated basic sets, one twice as large as the other, the difference in the results gives an upper boundary for the error for the largest set. This rule is applicable to the computation of the total energy as well as for difference in energy caused, say, by flux. It works when the relative error is small.
We think the picture we observe in a system with 6 electrons resembles the second scenario proposed above since the defect branch never crosses the ground state. Fig. 2 shows a few lowest energies at different momenta P as a function of J at zero flux. At J = 0 we get the Coulomb energies of icons. The energy of the lowest icon is taken as zero.
The second order perturbation theory shift is calculated using the energies of icons to be −177J 2 , and it is subtracted from the total energy. The state with P = (0, π) is the lowest at J < 0.02. At larger J the lowest state has P = (π/3, π/3) and it also originates from the WC icon.
To study delocalization we compute a flux sensitivity S(Φ) = E(Φ)−E(0), the difference between the ground state energies with and without flux Φ. To give more information we plot in Fig. 3 the energy difference for two above-mentioned values of P for all J. Each of these curves represents S(Φ) in the region of J where the branch with corresponding P is the ground state. Fig. 3 shows data for φ||P and φ⊥P, Φ x,y either 0 or π. One can see a sharp increase of S with J for both values of P and both directions of φ. In agreement with the perturbation theory it is proportional to J 6 at J ≤ 0.02.
The interpretation of the results for 6 × 12 system is more ambiguous. As one can see At J ≈ 0.004 the branch with P = (0, π/3) originated from the second icon becomes the ground state. Such P is not allowed for the WC. Therefore, the situation resembles the first scenario leading to the phase transition of the first order. We think, however, that the small Coulomb gap between these icons, and, as a result, small J c should be considered as an artifact of a small system. Since in a macroscopic system the energy of an interdomain boundary is proportional to the size of the system, such icons do not contribute to the lowest part of the energy spectrum. In smaller 6 × 6 system such a boundary does not even appear because of the periodic conditions.
That is why we study the states originated from the WC icon ignoring that none of them is the ground state. The lowest state has P = (0, π) as in the case of 6 × 6 system. The functions corresponding to the 3 lowest icons have a very small admixture of each other and can be studied separately. The flux sensitivity S of the lowest P = (0, π) branch is shown in For the same WC branch in the system 6 ×12 we have calculated the correlation function G(r − r ′ ) = n r n r ′ . At very small J the function G(ρ) is close to 1 at all vectors ρ of the WC and close to zero otherwise. To demonstrate melting we plot in Fig. 3 The dependence S(Φ) shown in Fig. 4 for both 6 and 12 electrons at J = 0.04. In the first case this is the difference of two ground state energies, in the second case this is the change of energy in the WC branch. In both cases we have found a very strong admixture of the second harmonic, which dominates for the system with 12 electrons. This means an admixture of defects with double charge and it gives another argument that the state after transition might be superconducting. The admixture is strong in the region 0.02 < J < 0.04
and it becomes less both with decreasing and increasing J.
The value of S after the transition increases linearly with J and is of the order of J.
This result agrees with an estimate from the London equation which gives S ∼ νm
where m is an electron mass. The large magnitude of S is a result of a gap in the spectrum.
The most interesting question is whether this gap survives in a macroscopic sample. We think this may happen because the gap originates from the excitation energy of a defect, and all relevant characteristics such as the width of the defect band and the matrix element of avoiding crossing with the ground state should not have a strong size dependence.
Finally, we have shown that strong electron correlations create a dielectric state in 2d
gas with a narrow band, and we have studied the collapse of this state with increasing band width. Our data for ν = 1/6 are more in favor of the dielectric-superconductor than the dielectric-metal transition.
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